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[57] ABSTRACT

The present invention relates to a semiconductor inte-
grated circuit device and a process for producing the
same. A hole is bored in an insulating fiim above a por-

~ tion of a wiring which is to be connected to another

wiring by means of a focused ion beam. The inside of
the hole and a predetermined region on the insulating
film are irradiated with either a laser beam or an ion
beam in a metal compound gas to deposit metal in the
hole and on said region and a connecting wiring is
formed by means of optically pumped CVD. To electri-
cally connect upper- and lower-level wirings in a multi-
layer wiring structure by a connecting wiring, the con-
necting wiring is electrically isolated from an intermedi-
ate-level wiring through which it extends. The above-
described arrangement enables provision of a hole with
a focused 10n beam and formation of a metal wiring on
a selective region by means, for example, optically
pumped CVD. Accordingly, it 1s possible to effect fine
machining and electrically connect together wirings
inside an LSI after the completion thereof. It is there-

~ fore possible to carry out debugging, repair and a defect

analysis of the LSI.

31 Claims, 12 Drawing Sheets
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SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE AND PROCESS FOR PRODUCING THE
SAME

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor
integrated circuit device and a process for producing
the same. More particularly, the present invention per-
tains to a technique which may be effectively applied to
a semiconductor integrated circuit device having a mui-
tilayer wiring structure and a process for producing
such a semiconductor integrated circuit device.

Recently, it has been increasingly important to de-
velop an effective technique of repairing a defective
part in an LSI (Large Scale Integrated Circuit) or
changing a logical design thereof by disconnecting and
properly reconnecting part of the wirings within the
LSI circuit after the completion of the LSI which is still
in the form of a wafer or chip.

To attain the above-described object, the present
applicant proposed in Japanese Patent Application No.
70979/1986 a method of connecting wirings in an LSI
by a combination of an ion beam technique and a laser
CVD technique. According to the proposed method,
after the completion of an L.SI having, for example, a
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double-layer wiring structure, wirings in a first-level

layer are interconnected for the purpose, for example,

of repairing a defective part or changing a logical de- -

sign. In this case, since the wiring in the uppermost
layer is generally widely laid out in order to supply a
power supply current, it 1s necessary to provide contact
holes extending through the wiring in the uppermost-
level layer so as to reach the wirings in the lower-level
layers and also provide a connecting wiring through the
contact holes. For this arrangement, an insulating film
on the uppermost-level wiring layer, the second-level
wiring layer and an intermediate insulating film be-
tween the second-level wiring layer and the first-level
wiring layer are processed by irradiation with a focused
ion beam to form contact holes, thereby partially expos-
ing the surfaces of the wirings in the first-level layer
through the contact holes. After an insulating film, e.g.,
a silicon dioxide (SiO;) film, has been formed on the
whole surface of the chip, this insulating film is pat-
terned by the use of photolithography and etching tech-
niques so that the insulating film is left only in the vicini-
ties of the contact holes. Then, the insulating film on the
bottoms of the contact holes are removed by selective
etching so that the surfaces of the wirings in the first-
level layer are partially exposed through the contact
holes again. Then, a metal is selectively deposited by
laser CVD to thereby form a connecting wiring which
interconnects the wirings in the first-level layer through
the contact holes. In this case, since the connecting
wiring is insulated from the wiring in the second-level
layer by the insulating films formed within the contact
holes, the wirings in the first- and second-level layers
are prevented from shorting to each other.

On the other hand, as the result of increases in the
degree of integration and miniaturization of ICs, it has
recently been increasingly important to conduct an
operation in which a defective part of an LSI 1s de-
bugged or repaired in the step of developing the same
by disconnecting and properly reconnecting part of the
‘wirings within the LSI chip, thereby detecting errors in
design or process, carrying out a defect analysis and
returning the LSI to the process conditions, and thus
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increasing the production yield. For this purpose, exam-
ples in which the wirings 1in ICs are disconnected by
means of a laser or ion beam have heretofore been re-
ported. |

More specifically, as a first prior art, “Laser Stripe
Cutting System for IC Debugging” (Tech Digest of
CLEQO’ 81, 1981, p.160) 1s known. In this prior art, an
example in which wirings are disconnected by means of
a laser to debug a defective part 1s reported. As a second
prior art, Japanese Patent Application No. 42126/1983
is known. This prior art discloses a technique in which
an ion beam generated from a liquid metal ion source is
focused in the shape of a spot having a diameter of 0.5

um or less to disconnect wirings and bore holes and a
metal is deposited in the holes by an 1on beam to thereby

interconnect the upper and lower wirings.

As a third prior art, “Direct Wirting of Highly Con-
ductive Mo Lines by Laser Induced CVD” (Extended
Abstruct of 17th Conf. on Solid State Devices and Ma-
terial, 1985, p.193) is known.

SUMMARY OF THE INVENTION

The above-described prior arts suffer, however, from
the following problems.

The technique proposed in Japanese Patent Applica-
tion No. 70979/1986 has the probiems that photolithog-
raphy and etching steps are needed to form an insulating
film only in the vicinities of contact holes and that the
process for preventing shorting between the wirings in
the first- and second-level layers is complicated.

In the first prior art, a means for disconnecting wir-
ings alone is shown but no means for reconnecting the
wirings 1s shown. Further, employment of a laser ma-
chining method involves the following disadvantages:

(1) Since the machining process is thermally exe-
cuted, conduction of heat to the surroundings is un-
avoidable, and since processes such as evaporation and
blowoff of vapors take place, it is extremely difficult to
conduct a fine machining operation on the order of 0.5
pm or less. |

(2) Laser light is only slightly absorbed by insulating
films such as SiO», Si3N4 or the like and it is therefore
absorbed by an aluminum or polysilicon wiring in the
underlayer, and when such a wiring evaporates and
blows off, it explosively blows the upper insulating film
away, thereby effecting machining of the insulating
film. For this reason, when the thickness of the insulat-
ing layer is 2 um or more, it is difficult to machine the
insulating film. Further, the peripheral portions (the
surroundings and the upper and lower layers) are
greatly damaged, and this leads to generation of defects.
These results show that it is difficult to machine wirings
in ICs having a multilayer wiring structure or a high
degree of integration and miniaturization by the laser
machining method.

The second prior art discloses (3) a means for discon-
necting and boring by a focused ion beam, and (4) a
means for interconnecting the upper and lower wirings
by the use of a focused 1on beam. Since employment of
a focused ion beam enables machining on the order of
0.5 um or less and permits any materials to be succes-
sively machined from the upper layer with ease by
means of sputtering, the second prior art overcomes the
problems of the first prior art. However, as to the means
for interconnecting the upper and lower wirings men-
tioned in (4), the second prior art shows only the proce-
dure of interconnection of the upper and lower wirings
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but does not mention any means for providing connec-
tion between one wiring and another wiring.

The third prior art discloses a method wherein the
surface of a silicon (Si) substrate coated with Si0; 1s
irradiated with an ultraviolet laser in a gas of a metal
organic compound, e.g., molybdenum carbonyl [Mo(-

CO)s] to decompose Mo(CO)g by a photothermal or
photochemical laser induced CVD process, thereby

depositing a metal, e.g., molybdenum (Mo) on the sub-
strate and thus lithographically forming a metal wiring
directly on the substrate. However, this prior art dis-
closes merely a means for forming a Mo wiring on an
insulating film but shows no means for interconnecting
wirings which are located under an insulating film such
as a protective film or an intermediate insulating film 1n
an actual 1C without any fear of these wirings shorting
to a wiring disposed in an upper-level layer.

Accordingly, it is an object of the present invention
to provide a semiconductor integrated circuit device
which is so designed that it is possible to form a con-
necting wiring without causing shorting between wir-
ings respectively located in lower- and upper-level lay-
ers in a multilayer wiring structure.

It is another object of the present invention to pro-
vide a process for producing a semiconductor inte-
grated circuit device which enables formation of a sim-
ple connecting wiring for interconnecting wirings re-
spectively located in lower- and upper-level layers in a
multilayer wiring structure.

It is still another object of the present invention to
provide an IC which is so designed that it 1s possible to
form fine holes 1n an insulating film such as a protective
film or an intermediate insulating film in the IC, thereby
enabling a wiring located under an insulating film such
as a protective film or an intermediate insulating film to
be connected to another portion through a connecting
wiring and thus permitting the IC to be subjected to
debugging, repair, a defect analysis, etc., and also pro-
vide a method of interconnecting wirings in the IC.

‘The above and other objects and novel features of the
present invention will become clear from the following
description of the preferred embodiments thereof taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a plan view of an LSI having a double-layer
wiring structure in accordance with one embodiment of
the present invention;

FIG. 2 i1s an enlarged sectional view taken along the
line X—X of FIG. 1;

FIGS. 3 to 3 are sectional views showing successive
steps 1n the process for producing the LSI shown in
FIGS. 1 and 2;

F1G. 6 shows an ion beam machining apparatus and a
laser CVD apparatus;

FIG. 7 1s a plan view of an LSI, which shows another
example of the structure for preventing shorting be-
tween wirings respectively located in the firsi- and
second-level layers; |

FIG. 8 1s an enlarged sectional view taken along the
line Y—Y of FIG. 7:

FIG. 9 1s a plan view of an LSI in accordance with
another embodiment of the present invention;

FIG. 10 1s an enlarged sectional view taken along the
line X—X of FIG. 9;

FIG. 11 1s a plan view of an LSI in accordance with
still another embodiment of the present invention;
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FIG. 12 is an enlarged sectional view taken along the
line X—X of FIG. 11;

FIGS. 13 to 15 are sectional views showing succes-
sive steps 1n the process for producing the LSI shown in
FIGS. 11 and 12: |

FIGS. 16 and 17 show a method of interconnecting

wirings in an IC in accordance with one embodiment of
the present invention, FIG. 16 being a fragmentary plan
view of the 1C, and FIG. 17 being a sectional view

taken along the line X—X of FIG. 16;

FIGS. 18 and 19 show other embodiments, respec-
tively, of the present invention;

FIG. 20 shows experimental results of a machining
process for forming a notch;

FIG. 21 1s a sectional view taken along the line X—X
of FIG. 20;

FI1G. 22 is a graph showing the experimental results
shown in FIG. 20;

FI1G. 23 15 a sectional view taken along the line Y—Y
of FIG. 16;

FIG. 24 is a sectional view taken along the line Z—Z
of FIG. 23;

FIGS. 25 to 27 show in combination an example of a
machining method which enables elimination of a step
from the machined surface; and

FIG. 28 is a sectional view taken along the line Y—Y
of FIG. 16, which shows experimental results of the

example shown in FIGS. 25 to 27.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

One embodiment of the present invention will be
described hereinunder specifically with reference to the
accompanying drawings.

It should be noted that, throughout the drawings for
describing this embodiment, members or portions hav-
ing the same functions are denoted by the same refer-
ence numerals and repetitive description thereof is omit-
ted.

FIG. 1is a plan view of an LSI having a double-layer
wiring structure in accordance with one embodiment of
the present invention, and FIG. 2 1s an enlarged sec-
tional view taken along the line X—X of FIG. 1.

As shown in FIGS. 1 and 2, the LSI in accordance
with this embodiment has a semiconductor substrate
(wafer) 1, for example, a silicon substrate, having a
plurality of semiconductor elements such as transistors
(not shown) fabricated thereon so as to form a semicon-
ductor integrated circuit. An intermediate insulating
film 2, for example, an S10» film, 1s formed on the sur-
face of the semiconductor substrate 1, and first-level
wirings (1.e., lower-level wirings) 3¢ and 3b which are
defined by, for example, an aluminum (Al) film, are
provided on the intermediate insulating film 2. Another
intermediate tnsulating film 4 which 1s defined by, for
example, an S103 film, 1s provided on the wirings 3¢ and
3b, and second-level wirings (i.e., upper-level wirings)
Sa and 56 which are defined by, for example, an alumi-
num (Al) film, are provided on the intermediate insulat-
ing film 4. The wirings Sa and 5b define, for example,
power supply wirings for supplying a power supply
current, and are widely laid out over the surface of the
intermediate insulating film 4. An insulating film 6 (not
shown in FIG. 1) is further provided on the wirings Sa
and 5b. Contact holes 7a and 76 are provided in such a
manner as to extend through the insulating film 6, the
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wirings Sa, 5b (respectively) and the intermediate insu-
lating film 4, and a connecting wiring 8 which intercon-
nects the lower-level wirings 3a and 3b 1s provided in
such a manner as to extend through these contact holes
7a and 7b. By using this connecting wiring 8, for exam-
ple, a defect which is found after the completion of the
L.SI is repaired (or a logical design is changed). It
should be noted that the contact holes 7¢ and 7b may be
either vertical or tapered contact holes. The connecting
wiring 8 is defined by a metal film such as a tungsten
(W), molybdenum (Mo), cadmium (Cd) or aluminum
(Al) film which is selectively formed by, for example,
laser CVD.

The surfaces of the second—level wirings 5a and 5b
which are exposed through the respective contact holes
7a and 7b are provided with respective insulating films
9, for example, alumina (Al,O3) films, which are formed
by changing these surfaces into an insulator, thereby
preventing contact between the connecting wiring 8
and the second-level wirings Sa, 56. Accordingly, it is
possible to form the connecting wiring 8 without any
fear of the first-level wirings 3a, 3b electrically conduct-
ing, or shorting, to the second-level wirings 5a, 56. The
thickness of the insulating films 9 is selected so as to be
adequate to obtain a necessary dielectric breakdown
strength in accordance with the potential difference
between the first-level wirings 34, 36 and the second-
level wirings Sa, 5b. For example, if the insulating films
9 are made of alumina (dielectric strength: about 500
V/um) and the above-described potential difference is 5
V, the thickness of the films 9 may be selected so as to
fall in the range from 1000 to 5000 A.

The folowing is a description of a process for pro-
ducing the LSI in accordance with this embodiment
which is arranged as described above.

Referring now to FIG. 3, a semiconductor integrated
circuit is first formed on a silicon wafer 1 which serves
as a starting material by carrying out diffusion of impu-
11ty 10ns, thermal oxidation of the silicon wafer 1, for-
mation of thin films by CVD, formation of various
patterns by the use of photolithographic techniques, etc.
Then, an intermediate insulating film 2, first-level wir-
ings 3a, 3b, an intermediate insulating film 4, second-
level wirings Sa, 5b and an insulating film 6 are formed
to complete an LSI. When it 1s necessary to find a possi-
ble defective part of the wirings and repair it, contact
holes 7a and 7b are formed (see FIG. 3) by irradiating
predetermined portions of the surface of the insulating
film 6 with a focused ion beam 10 having a high degree
of machining accuracy by using, for example, an ion
beam machining apparatus such as that shown in FIG. 6
which 1s proposed in the aforementioned Japanese Pa-
tent Application No. 70979/1986. The ion beam ma-
chining method will next be explained in detail. Refer-
ring to FIG. 6, a Iid 12 of a preliminary evacuation
chamber 11 which defines a sample replacing chamber
1s first opened, and the above-described semiconductor
wafer 1 is placed on a mount 14 which is installed on a
stage 13. Then, the lid 12 1s closed, and a valve 15 is
opened to evacuate the preliminary evacuation cham-
ber 11 by means of a vacuum pump 16. Thereafter, a
gate valve 17 i1s opened, and the mount 14 is moved onto
an XY stage 19 within a vacuum chamber which has
been evacuated in advance by means of a vacuum pump
18. It should be noted that the reference numeral 20
denotes a valve which 1s normally opened. After the
gate valve 17 is closed, the inside of the vacuum cham-
ber is sufficiently evacuated. Then, an ion beam 10 is
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“drawn from a high-brightness ion source 22 such as a

liquid metal ion source, e.g., gallium (Ga), which 1s
provided within an ion beam lens tube 21 disposed at
the upper side of the vacuum chamber by means of an
extractor electrode 23 which is installed below the ion
source 22, and the drawn ion beam 10 is then focused
and deflected through electrostatic lenses 24, a blanking
electrode 25, a deflector electrode 26, etc. so as to irra-
diate the semiconductor wafer 1. Then, secondary elec-
trons which are generated by the irradiation with the
ion beam 10 are detected by a secondary electron detec-
tor D to form a scanning ion beam image on a monitor
28 of a power supply 27 for the deflector electrode 26
on the basis of the secondary electron signal from the
detector D. While observing the scanning ion beam
image on the monitor 28, the operator moves the XY
stage 19 to detect portions of the surface of the semicon-
ductor wafer 1 where contact holes 7a and 7 are to be
formed. Then, the detected surface portions of the
wafer 1 alone are irradiated with the ion beam 10 to
thereby form contact holes 72 and 7b, as shown in FIG.
3. Thereafter, the semiconductor wafer 1 is once taken
out of the ion beam machining apparatus.

Next, the semiconductor wafer 1 is transferred to, for
example, an anodizing apparatus (not shown) to anodize
the surfaces of the second-level wirings 52 and 56 which
are exposed through the contact holes 7a and 7b formed
as described above, thereby forming insulating films 9,
e.g., alumina (Al,O3) films, in self-alignment with the
contact holes 7a and 7p as shown in FIG. 4. When alu-
minum (Al) is employed as a wiring material, the anod-
1zing process may be carried out using as a cathode
platinum (Pt) and as an electrolyte a 5%-oxalic acid,
phosphoric acid, chromic acid or sulfuric acid solution.
It should be noted that, as the result of the anodizing
process, insulating films 9 are also formed on the sur-
faces of the first-level wirings 3a and 36 within the
contact holes 7a and 7b. Thus, the surfaces of the se-
cond-level wirings Sa¢ and Sb which are exposed
through the contact holes 7a and 7b are changed into an
insulator and it is therefore possible to prevent shorting
between the first-level wirings 3a, 36 and the second-
level wirings Sa, 36 by a simple process without the
need for a complicated process such as a photolitho-
graphic process. It should be noted that the above-
described alumina film may also be formed by, for ex-
ample, Oy plasma oxidation, in addition to anodizing.
O, plasma oxidation technique is described, for exam-
ple, in “Vacuum”, Vol. 27, No. 12 (1984), p.901. When
materials other than aluminum (Al), for example, refrac-
tory metals such as tungsten (W), molybdenum (Mo) or
the like, are employed as a wiring material, oxides of
these metals can be formed, for example, by subjecting
the metals to a low-temperature heat treatment while
irradiating them with ozone, and thus defining the insu-
lating films 9. It should be noted that, as the result of
irradiation of the surfaces of the first-level wirings 3a
and 35 with the 1on beam when the contact holes 7¢ and
76 are formed, a wiring material, e.g., aluminum, is
deposited on the inner peripheral surfaces of the contact
holes 7a and 7b as shown by the one-dot chain line in
FIG. 3 and this may result in shorting between the
first-level wirings 3a, 3b and the second-level wirings
Sa, Sb when the contact holes 7a and 7b are formed.
However, this problem can be eliminated by completely
changing the aluminum deposited on the inner periph-
eral surfaces of the contact holes 7a and 7) into alumina
by, for example, the above-described anodizing.
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Next, the insulating films 9 which are formed on the
surfaces of the first-level wirings 3¢ and 34 in the
contact holes 7a and 7b as the result of the above-
described anodizing are selectively removed by, for

example, irradiation with a laser beam, thereby partially

exposing the surfaces of the first-level wirings 3¢ and
3b, as shown i FIG. 5.

Then, the semiconductor wafer 1 is replaced on the
mount 14 provided on the XY stage 13 shown in FIG.
6 and the mount 14 1s moved onto an XY stage 30 within
a vacuum chamber 29 of the laser CVD apparatus. The
semiconductor wafer 1 is then moved by the operation
of the XY stage 30 to a position where the wafer 1 is to
be irradiated with a laser beam 32 oscillated from a laser
oscillator 31, for example, an argon laser, thereby posi-
tioning the defective part of the wirings which is to be
repaired. Then, the laser beam 32 1s passed through a
shutter 33, reflected by a dichroic mirror 34 and focused
by an objective lens 35 so as to irradiate said part of the
wirings through a window 36 which is provided in the
wall of the vacuum chamber 29. At this time, it 1S possi-
ble to effect alignment of the defective part with the
laser irradiation position while observing said part
through an illumination optical system 37, a half-mirror
38, a laser beam cut filter 39, a prism 40 and an ocular
41. Then, a valve 42 1s opened to introduce a reaction
gas consisting of an organic metal compound, e.g.,
Mo(CO)gor W(CO)s, into the vacuum chamber 29 from
a gas cylinder 43 which 1s connected to the chamber 29.
At the same time, a valve 44 is opened to infroduce an
inert gas into the vacuum chamber 29 from a gas cylin-
der 45. In this state, the laser beam 29 is selectively
applied to the defective part of the wirings, thereby
decomposing the reaction gas and selectively depositing
a metal on the part irradiated with the laser beam 32.
Thus, the connecting wiring 8 which interconnects the
wirings 3a and 3b in the first-level layer through the
contact holes 7a and 7b 1s formed as shown in FIGS. 1
and 2. In this case, it is possible to deposit a metal film
having a thickness of, for example, about 0.5 to 1.0 um
by one scanning operation with the laser beam 32.

Although the present invention has been specifically
described by way of one embodiment, it should be
noted here that the present invention is not necessarily
limited to the described embodiment and various
changes and modifications may, of course, be imparted
thereto without departing from the gist of the invention.

For example, although in the foregoing embodiment
the defective part is repaired when the LSI is in the
form of the semiconductor wafer 1, it is, of course,
possible to repair the defective part after the semicon-
ductor wafer 1 has been divided into individual semi-
conductor chips. Although in the foregoing embodi-
ment repair of a defective part of the wirings or change
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of the logical design is effected after the completion of 55

the LSI, 1t 1s also possible to apply the present invention
to formation of wirings for realizing a desired logic in,
for example, a master slice or a gate array. Further, the
present invention may be applied to formation of a
connecting wiring which interconnects wiring in the
same layer or different layers in the course of the pro-
cess tor producing, for example, an LSI having a multi-
layer wiring structure. The present invention may also
be applied to, for example, a printed board having a
multilayer wiring structure.

It should be noted that it is also possible to prevent
contact between the connecting wiring 8 and the upper-
level wirings Sa, 56 by means, for example, of grooves
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46 which are formed by selectively removing the upper-
level wirings Sa and $b around the contact holes 7a and
7b, together with the insulating film 6 provided thereon,
by means, for example, of irradiation with an ion beam,

as shown in FIGS. 7 and 8. In this way, it is also possible

to prevent shorting between the wirings 3a, 36 and the
wirings Sa, 3b.

Embodiment 2

FI1G. 91s a plan view of an ST having a double-layer
wiring structure in accordance with another embodi-
ment of the present invention, and FIG. 10 is an en-

larged sectional view taken along the line X—X of FIG.
9

As shown in FIGS. 9 and 10, the LSI in accordance
with this embodiment has a semiconductor substrate
(wafer) 1, for example, a silicon substrate, having a
plurality of semiconductor elements such as transistors
(not shown) fabricated thereon so as to form a semicon-
ductor integrated circuit. An intermediate insulating
film 2, for example, an SiO; film, is formed on the sur-
face of the semiconductor substrate 1, and first-level
wirings (i.e., lower-level wirings) 3a and 36 which are
defined by, for example, an aluminum (Al) film, are
provided on the intermediate insulating film 2. Another
intermediate insulating film 4 which is defined by, for
example, an SiOs film, is provided on the wirings 3a and
3b, and second-level wirings (i.e., upper-level wirings)
Sa and 36 which are defined by, for example, an alumi-
num {Al) film, are provided on the intermediate insulat-
ing film 4. The wirings Sa and 56 define, for example,
power supply wirings for supplying a power supply
current, and are widely laid out over the surface of the
intermediate insulating film 4. An insulating film 6 (not
shown 1n FIG. 9) 1s further provided on the wirings Sa
and 5b. Contact holes 7a and 7b are provided in such a
manner as to extend through the insulating film 6, the
wirings Sa, 5b (respectively) and the intermediate insu-
lating film 4, and a connecting wiring 8 which intercon-
nects the lower-level wirings 3a and 3b is provided in
such a manner as to extend through these contact holes
7a and 7b. By using this connecting wiring 8, for exam-
ple, a defect which is found after the completion of the
LSI 1s repaired (or a logical design is changed). It
should be noted that the contact holes 7a and 756 may be
either vertical or tapered contact holes.

The connecting wiring 8 consists of a buffer film 8A
such as a chromium (Cr) film and a metal film 8B such
as a tungsten film. The metal film 8B is defined by a
single-layer film consisting of tungsten (W), molybde-
num (Mo), cadmium (Cd) or aluminum (Al), or a multi-
layer film consisting of these metals, the single- or multi-
layer film being selectively formed by means, for exam-
nle, of laser CVD.

On the other hand, the buffer film 8A which is the
other constituent element of the connecting wiring 8 is
formed specifically from a metal such as chromium
(Cr), molybdenum (Mo), tungsten (W) or nickel (N1), or
a semiconductor, such as Si, Ge, GaAs or polysilicon,
which contains an active impurity, or a silicide which is
an alloy of a metal and silicon. These substances have
excellent adhesion to a SiO; passivation film covering
the surface of a semiconductor device and a wiring
material which 1s deposited by laser CVD.

Accordingly, there 1s no fear of the wiring material
separating from the surface of the semiconductor de-
vice nor risk of the deposited wiring material being
cracked.
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Since the buffer film 8A has a high rate of absorption

of a laser beam which causes the CVD phenomenon, it
is possible to deposif a wiring material without the need
to increase the laser output, and it is therefore possible
to effect CVD with excellent controllablhty In other
words, it is possible to provide a wiring even if scannmg
with the laser beam is effected at high speed.

Further, since the presence of the buffer film 8A
makes 1t possible to lessen the effects of the material and
structure of the ground on which a wiring material is to
be provided, it is easy to maintain the width and thick-
ness of the wiring deposited on the buffer film 8A at
constant levels. At the same time, the buffer film 8A
absorbs the greater part of the energy of the laser beam
and reflects part of the laser beam, and it i1s therefore
possible to reduce the thermal effect of the wiring on
the ground. It has been experimentally confirmed that,
as the buffer film 8 A, chromium (Cr) film is particularly
preferable and practical.

It should be noted that the function and effects of the
buffer film 8A and a process for producing the same are
described in detail in the specification of Japanese Pa-
tent Application No. 245215/1986 ﬁled on Oct. 17, 1986
by the same applicant.

The surfaces of the second-level wirings 5a and 5b

which are exposed through the respective contact holes
7a and 7b are provided with respective insulating films
9, for example, alumina (Al,O3) films, which are formed
by changing the surfaces into an insulator, thereby pre-
venting contact between the connecting wiring 8 and
the second-level wirings 3a, §6. Accordingly, it is possi-
ble to form the connecting wiring 8 without any fear of
the first-level wirings 3a, 35 electrically conducting, or
shorting, to the second-level wirings 3a, 55. The thick-
ness of the insulating films 9 is selected so as to be ade-
quate to obtain a necessary dielectric breakdown
strength in accordance with the potential difference
between the first-level wirings 3a, 36 and the second-
level wirings Sa, 5b. For example, if the insulating films
O are made of alumina (dielectric strength: about 500
V/um) and the above-described potential difference is 5
V, the thickness of the films 9 may be selected so as to
fall in the range from 1000 to S000A.
- The LSI in accordance with this embodiment can be
produced by appropriating the process for producing a
buffer film disclosed in Japanese Patent Application No.
245215/1986 to the process for producing an LSI in
accordance with the foregoing first embodiment.

Although the present invention has been specifically
described by way of one embodiment, it should be
noted here that the present invention is not necessarily
limited to the described embodiment and wvarious
changes and modifications may, of course, be imparted
thereto without departing from the gist of the invention.

For example, although in the foregoing embodiment
the defective part is repaired when the LSI is in the
form of the semiconductor wafer 1, it is, of course,
possible to repair the defective part after the semicon-
ductor wafer 1 has been divided into individual semi-
conductor chips. Although in the foregoing embodi-
ment repair of a defective part of the wirings or change
of the logical design is effected after the completion of
the LSI, it 1s also possible to apply the present invention
to formation of wirings for realizing a desired logic in,
for example, a master slice or a gate array. Further, the
present invention may be applied to formation of a
connecting wiring which interconnects wirings in the
same layer or different layers in the course of the pro-
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cess for producing, for example, an LSI having a multi-
layer wiring structure. The present invention may also
be applied to, for example, a printed board having a
multilayer wiring structure.

It should be noted that it is also possible to prevent
contact between the connecting wiring 8 and the upper-
level wirings 34, 5b by means, for example, of grooves
46 which are formed by selectively removing the upper-

level wirings 5a and 56 around the contact holes 7a and

7b, together with the insulating film 6 provided thereon,
by means, for example, of irradiation with an ion beam,
as shown in FIGS. 9 and 10. In this way, it is also possi-
ble to prevent shorting between the wirings 3a, 35 and
the wirings Sa, 5b.

Embodiment 3

FIG. 11 1s a plan view of an L.SI having a double-
layer wiring structure in accordance with still another
embodiment of the present invention, and FIG. 12 is an
enlarged sectional view taken along the line XX of
FIG. 11.

As shown in FIGS. 11 and 12, the L.SI in accordance
with this embodiment has a semiconductor substrate
(wafer) 1, for example, a silicon substrate, having a
plurality of semiconductor elements such as transistors
(not shown) fabricated thereon so as to form a semicon-
ductor integrated circuit. An intermediate insulating
film 2, for example, an S10; film, is formed on the sur-
face of the semiconductor substrate 1, and first-level
wirings (l.e., lower-level wirings) 3¢ and 35 which re
defined by, for example, an aluminum (Al) film are
provided on the intermediate insulating film 2. Another
intermediate insulating film 4 which is defined by, for
example, an SiO; film is provided on the wirings 3a and
3b, and second-level wirings (i.e., upper-level wirings)
Sa and 5b which are defined by, for example, an alumi-
num (Al) film, are provided on the intermediate insulat-
ing film 4. The wirings 5a and 5b define, for example, -
power supply wirings for supplying a power supply
current, and are widely laid out over the surface of the
intermediate insulating film 4. An insulating film 6 (not
shown in FIG. 11) is further provided on the wirings Sa
and 3b. Contact holes 7a and 75 are provided in such a
manner as to extend through the insulating film 6, the
wirings da, b (respectively) and the intermediate insu-
lating film 4, and a connecting wiring 8 which intercon-
nects the lower-level wirings 3a and 3b 1s provided in
such a manner as to extend through these contact holes
7a and 7b. By using this connecting wiring 8, for exam-
ple, a defect which is found after the completion of the
L.SI is repaired (or a logical design is changed). It
should be noted that the contact holes 72 and 76 may be
etther vertical or tapered contact holes. The connecting
wiring 8 is defined by a metal film such as a tungsten
(W), molybdenum (Mo), cadmium (Cd) or aluminum
(Al) film which is selectively formed by, for example,
laser CVD.

The second-level wirings 5a and 36 which are ex-
posed through the respective contact holes 7¢ and 76
are provided with respective bores 3¢ and 34 which
have a larger diameter than that of the contact holes 7a
and 7b, as will be clear from FIG. 12, thereby prevent-
ing contact between the connecting wiring 8 and the
second-level wirings Sa, 5b. Accordingly, it is possible
to form the connecting wiring 8 without any fear of the
first-level wirings 3a, 3b electrically conducting, or
shorting, to the second-level wirings 3a, 5b.
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The method of forming the bores Sc¢ and 34 will be
described later in detail.

The following is a description of a process for pro-
ducing the LSI in accordance with this embodiment
which is arranged as described above.

Referring now to FIG. 13, a semiconductor inte-
grated circuit 1s first formed on a stlicon wafer 1 which

serves as a starting material by carrying out diffusion of

impurity ions, thermal oxidation of the silicon wafer 1,
formation of thin films by CVD, formation of various
patterns by the use of photolithographic techniques, etc.
Then, an intermediate msulating film 2, first-level wir-
ings 3a, 3b, an intermediate insulating film 4, second-
level wirings 5a, 56 and an insulating film 6 are formed
to complete an L.SI. When it i1s necessary to {ind a possi-
ble defective part of the wirings and repair it, contact
holes 7a and 7b are formed by irradiating predetermined
portions of the surface of the insulating film 6 with a
focused ion beam 10 (see FIG. 13) having a high degree
of machining accuracy by using, for example, an 1on
beam machining apparatus such as that shown in FI1G. 6
which is proposed in the aforementioned Japanese Pa-
tent Application No. 70979/1986.

Since this ion beam machining method has already
been explained in detail with reference to FIG. 6 in the
description of the first embodiment, repetitive descrip-
tion thereof 1s omitted.

Next, as shown in FIG. 14, the second-level wirings
Sa and 5b, e.g., aluminum (Al) film, the surfaces of
which are exposed through the contact holes 7a and 75
are etched by wet etching using the insulating film 6 as
an etching mask to thereby form bores 5¢ and 54 in the
second-level wirings 5a and 5b, the bores Sc and 5d
having a larger diameter than that of the contact holes
7a and 7b. In the formation of the bores Sc¢ and 54, it is
preferable to set the diameter A of the bores 5S¢ and Sd
at a value which 1s, for example, about 4 yum larger than
the diameter B of the contact holes 7a and 76 so that the
edge of each of the bores 3¢ and 34 provided in the
second-level wirings 5a and 35 1s located at a position
about 2 um recessed from the edge of the correspond-
ing one of the contact holes 7a and 7b. The above-
described configuration of the bores Sc and 5d prevents
the connecting wiring 8 (described later) from being
electrically connected, or shorted, to the second-level
wirings 3a, Sb.

In short, the dimensions of the bores Sc¢ and 54 pro-
vided in the second-level wirings 5¢ and 56 may be so
selected that the connecting wiring 8 which is con-
nected to the first-level wirings 3a and 36 through the
contact holes 7a¢ and 76 is prevented from electrically
connected to the second-level wirings 5a and 56 by the
presence of the bores Sc¢ and 5d.

As described above, the second-level wirings S¢ and
56 are formed using, for example, aluminum or a mate-
rial containing aluminum as its principal component,
e.g., aluminum containing about 0.5 to 1.0% of silicon
(S1). As a wet etching solution which may be employed
to etch such a material containing aluminum as its prin-
cipal component, it is preferable to use a mixed solution
obtained by mixing together phosphoric acid, glacial
acetic acid, nitric acid and water in the volume ratios
76:15:3:5. This etching solution is capable of etching not
only aluminum but also alumina (Al,O3) which is an
oxide of aluminum. Accordingly, it is possible to reli-
ably remove only a desired portion even in the case of
a wiring film which is made of a material containing
aluminum as its principal component and which has a

10

15

20

235

30

35

43

12

thin alumina film formed on its surface by oxidation of
the surface of an aluminum film. It should be noted that
various wet etching solutions other than that described
above may also be employed to etch a wiring material
containing aluminum as its principal component.

- Subsequently, as shown 1n FIG. 15, the regions of the
intermediate insulating film 4 the surfaces of which are
exposed through the contact holes 7¢ and 76 are 1rradi-
ated with a focused 1on beam of high degree of machin-
ing accuracy by the use of an ion beam machining appa-
ratus to thereby form bores 4ag and 4b. At this time, by
virtue of the rectilinear propagation nature of the fo-
cused 1on beam, bores 4a¢ and 456 which have substan-
tially the same diameter as that of the cortact holes 7a
and 7b are formed thereunder.

Next, a metal film such as tungsten (W) or molybde-
num (Mo) 1s formed in a predetermined pattern by scan-
ning 1t with a laser beam by laser CVD which is an
optically pumped CVD method, as shown in FIGS. 11
and 12.

It should be noted that the reference numerals 5e and
§f in FIG. 12 denote air gap regions. The connecting
wiring 8 and the second-level wirings Sa, 56 are electri-
cally 1solated from each other by the air gap regions Se
and 5/

In this embodiment, electrical isolation of the con-
necting wiring 8 from the second-level wirings 5a, 5b 1s
effected by the air gap regions 5e¢ and 5/ which are
formed by partially removing the second-level wirings
da and 356 by wet etching. Thus, this embodiment,
which employs wet etching, has the merit that it is
possible to provide an electrical isolation means in a
simple operation and within a short period of time in
comparison with the method described in the first em-
bodiment. Since the isolation method by anodizing
which has been described in the first embodiment is
carried out by dipping the sample 1n an electrolytic bath
containing an electrolyte, the electrolyte and various
contaminants adhere to the sample, and a complicated
process 1s needed to completely clean the attached elec-
frolyte and contaminants. With an ordinary cleaning
operation, it 1s 1mpossible to completely remove the
attached electrolyte and various contaminants, and they
are unavoidably left on the sample. These residual sub-
stances may lead to lowering in rehiability of LSI char-
acteristics and deterioration in electrical characteristics
of the device after it has been put to actual use. Further,
when selective regions of the aluminum wiring is

- changed into alumina by anodizing, other regions of the
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sample may be undesirably anodized, and this may lead
to deterioration in electrical characteristics of a sample,
e.g., an L.SI, generation of a failure and lowering in the
reliability. There is one type of LSI for computers
which has a large number of bump electrodes made of a
solder material as external lead terminals and which 1s
mounted on a circutt board through the bump elec-
trodes by CCD (Controlled Collapse Bonding) method,
and some of these LSIs have several hundreds of bump
electrodes on the plane of an LSI chip of, for example,
10 mm X 10 mm. In the case of a sample which has such
bump electrodes, when the aluminum wiring i1s anod-
1zed, the bump electrodes may also be undesirably anod-
1zed, which gives rise to problems such as lowering in
the electrical characteristics and occurrence of a failure.

In contrast to this, the isolation method by wet etch-
Ing described in this embodiment enables the etching
solution attached to the sample to be completely
cleaned (removed) in a simple operation and within a
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short period of time and this isolation method is free
from various problems which are experienced with the
anodizing process. Therefore, it should be borne
mind that the isolation method in accordance with this
embodiment is more practical than the anodizing
method and is a superior method which does not lead to
deterioration in electrical characteristics nor lowering
in reliability of the sample.

As the connecting wiring 8 in this embodiment, it is
possible to employ the composite film of the buffer film
8A and the metal film 8B which has been described in
the second embodiment.

Although the present invention has been specifically
described by way of one embodiment, it should be
noted here that the present invention is not necessarily
limited to the described embodiment and various
changes and modifications may, of course, be imparted
thereto without departing from the gist of the invention.

For example, although in the foregoing embodiment
the defective part is repaired when the LSI is in the
form of the semiconductor wafer 1, it 1s, of course,
possible to repair the defective part after the semicon-
ductor wafer 1 has been divided into individual semi-
conductor chips. Although in the foregoing embodi-
ment repair of a defective part of the wirings or change
of the logical design is effected after the completion of
the LSI, it is also possible to apply the present invention
to formation of wirings for realizing a desired logic in,
for example, a master slice or a gate array. Further, the
present invention may be applied to formation of a
connecting wiring which interconnects wirings in the
same layer or different layers in the course of the pro-
cess for producing, for example, an L.SI having a multi-
layer wiring structure. The present invention may also
be applied to, for example, a printed board having a
multilayer wiring structure.

"Embodiment 4

Giving an outline of this embodiment, a hole 1s bored
by means of a focused ion beam in that portion of an
insulating film which is located above that portion of a
wiring which 1s desired to be connected to another
portion, and said portion of the wiring is irradiated with
a focused laser or ion beam in a metal compound gas to
deposit a metal in the above-described hole, thereby
forming a wiring. In this case, the hole 1s machined so
that the upper portion of the hole is widened, and the
metal 1s buried in the hole in such a manner that a partic-
ularly large amount of metal is deposited in the upper
portion of the hole, thereby enabling the deposited
metal to be satisfactorily connected to the wiring at the
lower side of the hole. |

By virtue of this arrangement, the positions of a plu-
rality of wirings which are to be interconnected are
detected by employing a scanning ion microscope using
a secondary electron or ion signal obtained from the
sample, thereby positioning the sample and determining
portions to be irradiated with an ion beam. Thereatfter,
said portions of the sample are irradiated with the ion
beam to remove those portions of the insulating film
which are located above said portions of the wirings.
Since in this case a focused i1on beam is employed in-
stead of a laser beam, it is possible to effect machining
on the order of 0.5 um or less with the focused ion
beam. Further, since the ion beam enables any kind of
material to be uniformly machined, it is possible to
machine a stack of insulating fiims such as SiO; and
Si3N4 successively from the upper side thereof and
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thereby bore a hole therein to expose the surface of the
wiring in the lower layer. Thereafter, a metal com-
pound gas is introduced into the vacuum chamber
through a nozzle or a pipe, and the samplie table is
moved relative to the vacuum chamber so that portion
of the sample where a connecting wiring is to be formed
is irradiated with a focused 1on or laser beam. Then, a
metal wiring is formed by ion beam induced CVD pro-
cess or laser DVD process. As a result, it 1s possible to
interconnect wirings inside an IC after the completion
thereof, so that it is possible to debug and repair the IC
and effect a defect analysis. It should be noted that
debugging of ICs herein includes finding and correcting
an error in connection of the wirings in ICs and making

. a diagnosis of ICs.

The feature of this embodiment also resides in a
method of notching that portion of the upper-level
wiring which is in contact with the buried metal in
order to prevent the metal which is buried to provide
connection with the lower-level wiring from electrni-
cally conducting to the upper-level wiring.

FIGS. 16 and 17 show in combination a method of
forming a connecting wiring on an IC in accordance
with one embodiment of the present invention.

Referring to FIG. 17, which is a sectional view of an
IC chip, an insulating film (e.g., a S1O> film) 101 is pro-
vided on a substrate (e.g., a Si substrate), and wirings
(e.g., Al wirings) 1024, 1025 and 102¢ are formed on the
insulating film 101 with an insulating film 101 inter-
posed between each pair of adjacent wirings. Further, a
protective film (e.g., a SiO3 or Si3N4 film) 101 is formed
on the uppermost wiring 102c,

When it is desired to electrically connect the lower-
level wiring 102a to another wiring (not shown), holes
1032 and 103b are bored in the insulating films 101
above the wiring 102g by means of a focused ion beam
to thereby expose a part of the wiring 102a. Thereafter,
a metal wiring 104 is buried in the holes 103a and 1035
by laser induced CVD- or other similar means and the
metal wiring 104 is then formed so as to extend to a
desired node or point of connection.

Prior to the formation of the metal wiring 104, it is
also possible to form a structure in which a buffer film
is provided under the metal wiring 104 as described in
the second embodiment.

Since the IC has a multilayer wiring structure, if a
connecting wiring is to be led from the first-level (low-
ermost) wiring 102q, the connecting wiring must be
prevented from coming into contact with the upper-
level wirings. In the arrangement shown in FIG. 16, a
hole is bored at a position which is spaced apart from
the second-level wiring 1025. However, the third-level
(uppermost) wiring 102c¢ 1s usually used as a power
supply wiring and therefore has a relatively wide width
W as shown in FIG. 16. Accordingly, it 1s difficult to
bore a hole for burying a connecting wiring at a position
which is off the third-level wiring 102¢. For this reason,
in most cases the hole 1035 is inevitably provided so as
to extend through the third-level wiring 102¢; in such
cases, if the metal wiring 104 1s formed 1n this hole by
laser CVD or other similar means, the first- and third-
level wirings 1024 and 102¢ undesirably short to each
other. In order to avoid this problem, a notch 105 (hav-
ing a width W) shown in FIG. 16 is cut outside the hole
1035 so that the depth Z of the notch 105 1s slightly
greater than the depth of the third-level wiring 102c,
thereby electrically isolating that portion of the third-
level wiring 102¢ which 1s in contact with the metal
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wiring 104 from the other portion of the wiring 102c.
Thereafter, a metal wiring 1s formed by laser CVD or
other similar means so as to extend through the area
defined between the two ends of the notch 105 having a
U-shaped planar configuration.

If the third-level wiring 102¢ 1s curved as shown in
FIG. 18, the wiring 102¢ may be notched diagonally. By
doing so, it 1s advantageously possible to simplify the
scanning with the ion beam.

The notch 105 may be circular as shown in FIG. 19.
In this case, it 1S possible to readily carry out scanning
with the ion beam by superposing sine waves in the X-
and Y-directions one upon the other.

In the case where the second-level wiring 1025 1s
present below the notch 105 as shown in FIG. 16, care
must be taken of the following point. In such a case, the
second-level wirings are often arranged at a pitch of, for
example, 5 to 10 um, because the integration density of
ICs 1s increasing these days. Therefore, if the holes 103a
and 1035 are positioned so as to be spaced apart from
the second-level wiring 1025, there is a good possibility
that the notch 105 will overlap the wiring 1025. In such
a case, it 1s important to appropriately control the depth
of the notch 108.

It 1s clear from the experimental results (see FIGS. 20
and 21) that, 1f the surface of a workpiece which has a
convex step 1s subjected to sputter etching by means of
a focused 1on beam, etching progresses toward the con-
vex side of the step configuration. This is because, as is
well known, when the angle of incidence of the beam on
the surface to be etched is near 40° to 70°, the rate of
sputtering 1s 1.5 to 2 times that in the case where the
angle of incidence is 0° (see FIG. 22). It will be under-
stood from FIG. 21 that in this experiment the step
progress with the angle @ being about 45°.

FIG. 23 15 a sectional view taken along the line Y—Y
of FIG. 16. Since the step of the third-level wiring 102¢
causes the protective film 101 to have a step 106, the
configuration of the step 106 is reflected on the bottom
surface of the notch 105 as will be clear from the above-
described experimental results, so that the second-level
wiring 1025 1s partially etched. As a result, as shown in
F1G. 24 which is a sectional view taken along the line
Z—Z of F1G. 23, the cross-sectional area of the second-
level wiring 1025 s reduced, which results in the reli-
ability of the device being deteriorated, or when the
second-level wiring 1025 is subjected to sputter etching,
the wiring material adheres to the side walls of the
notch 108 as shown by the reference numeral 107 and
the wiring material 107 attached to the side walls may
short the second- and third-level wirings.

To cope with the above-described problems, the edge
portion 108 of the step 106 is detected with a secondary
particle 1image as shown in FIG. 20, and scanning with
a focused 1on beam 109 is started from the edge portion
108 as shown in FIG. 25. Since the depth Z(t) of ma-
chining shown in FIG. 26 is proportional to the machin-
Ing time t in the case where the ion current is adequately
stable (within +5% in the case of ordinary apparatus),
the depth Z(t) 1s determined as a function of the time t.
The angle p of inclination of the step 6 is constant for
the devices produced by the same film forming process
and therefore can be known in advance. Accordingly, it
1S possible to start machining from the edge portion 108
shown in FIG. 26 at all times by shifting the starting
position of scanning with the focused ion beam 109
leftward by A(t)=Z(t)/tanp on the basis of Z(t) and p.
The function is not necessarily fixed to the above-
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described one. If the above-described scanning start
position is shifted until the height of the step is Zo—Z(t),
the bottom surface of the notch 105 is flush with the
surface of the element. By carrying out an ordinary
machining operation thereafter, it 1s possible to com-
plete a notch 1035 having a flat bottom surface as shown
in FIG. 28. Thus, it is possible to increase the yield at
which the shorting of the third-level wiring is pre-
vented by means of the notch.
As described above, after the boring of a contact hole
in the sample and the machining to provide a short
preventing notch, the metal wiring 104 is formed so as
to extend between desired points of connection by laser
or 1on beam induced CVD, thereby interconnecting the
lower-level wiring 1026 and another wiring.
As has been described above, the present invention
makes it possible to interconnect as desired wirings
which are located at different positions in an IC which
has a high integration density and a multilayer wiring
structure, so that it is possible to readily carry out a
defect analysis in any stage of fabrication of LSIs, i.e.,
designing, trial production and mass production of
LSIs. Thus, it is advantageously possible to shorten the
development step, reduce the period of time required to
start mass production of L.SIs, and increase the produc-
tion yield.
What is claimed is:
1. A process for producing a semiconductor inte-
grated circuit device having a multilayer wiring struc-
ture in which a first insulating film is interposed be-
tween an upper-level wiring and a ‘lower-level wiring
and the surface of said upper-level wiring 1s protected
by a second insulating film, said method comprising the
steps of:
preparing a semiconductor substrate having an inte-
grated circuit formed thereon, said integrated cir-
cuit including a semiconductor element having a
PN junction, said substrate further having a multi-
layer wiring structure formed on its surface, said
wiring structure being electrically connected to
sald integrated circuit;
selectively removing successively the second insulat-
ing film, the upper-level wiring under said insulat-
ing film and the first insulating film under said
upper-level wiring in said multilayer wiring struc-
ture by machining with a focused ion beam to form
a contact hole through which a surface of said
lower-level wiring 1s exposed, said contact hole
exposing a surface of the upper-level wiring;

changing a region of said upper-level wiring whose
surface s exposed through said contact hole into an
insulator; and

forming a connecting wiring by an optically pumped

CVD method so as to extend over from the inside
of sald contact hole to a selective region on the
surface of said second insulating film, said connect-
ing wiring being electrically connected to said
lower-level wiring the surface of which is exposed
through said contact hole.

2. A process for producing a semiconductor inte-
grated circuit device according to claim 1, wherein said
upper-level wiring 1s made of a material which contains
aluminum as its principal component, said region of said
upper-level wiring whose surface is exposed through
said contact hole being changed into an insulator by
oxidizing said material containing aluminum as its prin-
cipal component to form alumina.
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3. A process for producing a semiconductor inte-
grated circuit device according to claim 1, wherein said
optically pumped CVD method i1s a CVD method that
- utilizes a laser beam, said connecting wiring being made
of one material selected from the group consisting of
tungsten (W), molybdenum (Mo), cadmium (Cd) and
aluminum (Al).

4. A process for producing a semiconductor inte-
grated circuit device according to claim 1, wherein said
connecting wiring is provided with a buffer film as its
underlaying conductor which is made of one material
selected from the group consisting of chromium (Cr),
molybdenum (Mo), tungsten (W) and nickel (N1).

5. A process for producing a semiconductor inte-
grated circuit device according to claim 1, wherein said
substrate 1s in the form of either a semiconductor wafer
which has a plurality of semiconductor integrated cir-
cuits formed thereon both lengthwise and crosswise or
a semiconductor integrated circuit chip which is formed
by dividing said semiconductor wafer into individual
semiconductor integrated circuit chips (pellets).

6. A process for producing a semiconductor inte-
grated circuit device having a multilayer wiring struc-
ture in which a first insulating film is interposed be-
tween an upper-level wiring and a lower-level wiring
and the surface of said upper-level wiring is protected
by a second insulating fiilm, said method comprising the
steps of:

preparing a semiconductor substrate having an inte-

grated circuit formed thereof, said integrated cir-
cuit including a semiconductor element having a
PN junction, said substrate further having a multi-
layer wiring structure formed on 1ts surface, said
wiring structure being electrically connected to
said integrated circuit;

selectively removing successively the second insulat-

ing film in said multilayer wiring structure by ma-
chining with a focused ion beam to form a contact
hole which exposes the surface of the upper-level
wiring in this region;

selectively removing the upper-level wiring the sur-

face of which 1s exposed through said contact hole
by a wet etching process using said second insulat-
ing film as an etching mask to form an opening
region in said upper-level wiring, said opening
region having a larger diameter than that of said
contact hole;

selectively removing said first insulating film the

- surface of which 1s exposed through said contact
hole by machining with a focused ion beam to form
an opening portion which exposes the surface of
said lower-level wiring in this region; and

forming a connecting wiring by an optically pumped
CVD method so as to extend over from the inside
of said contact hole to a selective region on the
surface of said second insulating film, said connect-
ing wiring being electrically connected to said
lower-level wiring the surface of which is exposed
through said contact hole.

7. A process for producing a semiconductor inte-
grated circuit device according to claim 6, wherein said
upper-level wiring is made of a material which contains
aluminum at its principal component.

8. A process for producing a semiconductor inte-
grated circuit device according to claim 6, wherein said
optically pumped CVD method is a CVD method that
utilizes a laser beam, said connecting wiring being made
of one material selected from the group consisting of
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tungsten (W), molybdenum (Mo), cadmium (Cd) and
aluminum (Al).

9. A process for producing a semiconductor inte-
grated circuit device according to claim 6, wherein said
connecting wiring is provided with a buffer film as its
underlaying conductor which 1s made of one material
selected from the group consisting of chromium (Cr),
molybdenum (Mo), tungsten (W) and nickel (N1).

10. A. process for producing a semiconductor inte-
grated circuit device according to claim 6, wherein said
substrate i1s in the form of either a semiconductor wafer
which has a plurality of semiconductor integrated cir-
cuits formed thereon both lengthwise and crosswise or
a semiconductor integrated circuit chip which is formed
by dividing said semiconductor wafer into individual
semiconductor integrated circuit chips (pellets).

11. A process for producing a semiconductor inte-
grated circuit device having a multilayer wiring struc-
ture in which a plurality of layers of wirings are isolated
from each other by respective insulating films and a
connecting wiring is connected to a lower-level wiring
through a contact hole provided so as to extend through
an upper-level wiring, said process comprising the steps
of:

forming said contact hole by irradiation with an ion

beam, said contact hole exposing a surface of the
upper-level wiring;

changing a portion of said upper-level wiring whose

surface 1s exposed through said contact hole into an
insulator; and

forming said connecting wiring by laser CVD.

12. A process for producing a semiconductor inte-
grated circuit device according to claim 11, wherein
said multilayer wiring structure is a double-layer wiring
structure.

13. A process for producing a semiconductor inte-
grated circuit device accordmg to claim 11, wherein
said wirings are aluminum wirings.

14. A process for producing a semiconductor inte-
grated circuit device according to claim 11, wherein
said insulator is alumina.

15. A process for producing a semiconductor inte-
grated circuit device according to claim 14, wherein
said alumina is formed by either anodizing or oxygen
plasma oxidation.

16. A process for producing a semiconductor inte-
grated circuit device according to claim 11, wherein
said connecting wiring 1s defined by a molybdenum,
tungsten, cadmium or aluminum film.

17. A process for producing a semiconductor inte-
grated circuit device according to claim 11, wherein
said connecting wiring is formed by laser CVD employ-
ing an organic metal compound.

18. A process for producing a semiconductior 1nte-
grated circuit device wherein holes are bored in an
upper-level insulating film at a portion thereof where
contact holes are to be provided by machining with an
energy beam and then the insides. of these holes and the
region therebetween are irradiated with a laser or fo-
cused 1on beam in an atmosphere containing a metal
compound gas to deposit a metal on the irradiated re-
gions, thereby forming a metal film between wirings
and thus electrically connecting together these wirings,
wherein the improvement comprises notching a portion
of the upper-level wiring at which the metal 1s depos-
ited to form a notch, the notch being formed so as to
extend completely through the upper-level wiring at a
location around the contact holes, thereby electrically
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1solating said portion from another portion of the upper-
level wiring.

19. A process for producing a semiconductor inte-
grated circuit device according to claim 18, wherein
said notching is carried out with an energy beam such as
a focused ion beam in such a manner that scanning for
machining is started from an edge portion of a step of a
protective film provided on said upper-level wiring and
the point of starting the scanning is shifted toward the
lower side of the step as the depth of machining in-
creases, the shift of the starting point being repeated
until the bottom surface of the machined groove is
coincident with the lower portion of said protective
film.

20. A process for producing a semiconductor inte-
grated circuit device according to claim 1, wherein said
region of the upper-level wiring that 1s changed into an
insulator includes the surface of the upper-level wiring
that is exposed through the contact hole.

21. A process for producing a semiconductor inte-
grated circuit device according to claim 11, wherein
said portion of the upper-level wiring that is turned into
the insulator includes the surface of the upper-level
wiring that i1s exposed through the contact hole.

22. A process for producing a semiconductor inte-
grated circuit device according to claim 11, wherein the
upper-level wiring is made of a refractory material, and
said changing is performed by a heat treatment while
irradiating the exposed surface of the upper-level wir-
ing with ozone.

23. A process for producing a semiconductor inte-
grated circuit device according to claim 1, wherein said
selectively removing 1s performed at two locations so as
to form two contact holes through which surfaces of
lower-level wirings are exposed at the two locations;
and said forming a connecting wiring is performed so as
to extend over from the inside of each contact hole to a

selective region on the surface of said second insulating
fil

24. A process for producing a semiconductor inte-
grated circuit device according to claim 23, wherein
said forming a connecting wiring is performed so as to
electrically connect the lower-level wirings exposed at
the two contact holes.

25. A process for producing a semiconductor inte-
grated circuit device according to claim 24, wherein
said lower-level wirings include first-level and second-
level wirings, the first-level wiring and second-level
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wiring being formed of different layers of wiring,
whereby a connecting wiring interconnecting different
layers i1s provided.

26. A process for producing a semiconductor inte-
grated circuit device according to claim 1, wherein said
connecting wiring is provided with a buffer film as its
underlying conductor, and wherein said buffer film is
made of a semiconductor material containing an active
impurity, or of a silicide.

27. A process for producing a semiconductor inte-
grated circuit device according to claim 6, wherein said
wet etching process is performed using, as the etchant,
a solution cf phosphoric acid, glacial acetic acid, nitric
acid and water.

28. A process for producing a semiconductor inte-
grated circuit device according to claim 18, wherein
sald energy beam is a focused ion beam.

29. A process for producing a semiconductor inte-
grated circuit device according to claim 11, wherein
two contact hole, at spaced locations, are provided to
extend through the upper-level wiring, each contact
hole exposing a surface of the upper-level wiring; and
said changing, and said forming said connecting wiring,
steps are performed for each of said contact holes.

30. A process for producing a semiconductor inte-
grated circuit device according to claim 29, wherein the
step of forming said connecting wiring is performed so
as to electrically connect lower-level wirings through
said two contact holes.

31. A process for producing a semiconductor inte-
grated circuit device having a multilayer wiring struc-
ture 1n which a plurality of layers of wirings are isolated
from each other by respective insulating films and a
connecting wiring is connected to a lower-level wiring
through a contact hole provided so as to extend through
an upper-level wiring, said process comprising the steps
of:

forming said contact hole by irradiation with a fo-

cused 1on beam, SO as to expose the lower-level
wiring, the contact hole being formed so that upper
portions of the hole are larger than lower portions;
and

forming said connecting wiring by irradiating the

contact hole with a focused laser beam or focused
ion beam, in an atmosphere of a metal compound

gas, to deposit a metal of said connecting wiring.
s - % - #*
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